1. Introduction {#sec1}
===============

Breast cancer (BC) is the most common malignancy in the world. Invasive micropapillary carcinoma (IMPC, ICD-O code 8507/3), which was first described by Siriaunkgul in 1993 \[[@bib1]\], is a special subtype of invasive breast carcinoma according to WHO classification and accounts for 3--6% of all invasive breast cancers\[[@bib2]\]. Compared with invasive ductal carcinomas (IDC), IMPC is characterized by micropapillary and tubuloalveolar arrangements of tumor cell clusters surrounded by empty stromal space in pathology\[[@bib3]\]. IMPC shows extremely high proclivities for lympho-vascular invasion (LVI), lymph node (LN) metastasis, thus exhibiting a more aggressive behavior than IDC\[[@bib4],[@bib5]\].

IMPC is often mixed with other invasive carcinoma component, mostly IDC. In clinical practice, pure IMPC, which is defined as more than 75% IMPC components, is rather rare\[[@bib6]\]. Studies of Fu et al. demonstrate that even if IMPC is present as a minor component and mixed with non-micropapillary invasive carcinoma, there is still higher incidence of LVI, LN metastasis, and recurrence \[[@bib7],[@bib8]\]. As to molecular level, IMPC is reported to show intact expression of E-cadherin and low expression of CD44 \[[@bib9],[@bib10]\], which may contribute to its propensity of LVI and LN metastasis.

Due to its highly invasive biological behavior, IMPC has been assumed to show an unfavorable prognosis compared with IDC\[[@bib5],[@bib7]\]. However, previous studies show inconsistency on this issue\[[@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20]\]. The major reason may be that most of the early studies included small samples of IMPC patients, and therefore the results could not be appropriately investigated. In 2017, a meta-analysis comparing the prognosis of IMPC with IDC, which included 14 studies and 1888 IMPC patients, demonstrated no significant difference in overall survival (OS), disease-specific survival (DSS) between them \[[@bib21]\]. But there were some defects in the meta-analysis: study of Chen \[[@bib22]\](comparing IMPC with triple negative breast cancer) was not suitable for quantitive analysis, and mostly the IMPC group had more advanced stage than IDC group in the majority of studies included (10 of 14). Therefore, the controversies still stay.

In recent years, propensity-matching method, or propensity score matching (PSM) method has been widely applied in retrospective analysis\[[@bib23]\]. PSM has been supposed to reduce the effect of selection bias and thus to be especially proper for comparison between unbalanced groups. Until now, there are some PSM studies concerning on the prognosis of IMPC. However, the results were still inconsistent. For example, Chen investigated 984 IMPC cases from the SEER database and demonstrated the IMPC even had a better prognosis than IDC\[[@bib24]\].

The aim of current study is to analyze existing PSM studies and to make a more comprehensive comparison on prognosis between IMPC and IDC. This study may help clinicians to tailor more appropriate strategies for the therapy and follow-up of IMPC patients.

2. Methods {#sec2}
==========

2.1. Publication selection {#sec2.1}
--------------------------

We searched three databases (PubMed, EMBASE and the Cochrane library) in September 2019 for all studies concerning on IMPC prognosis. The searching strategy is to search the following words in the title/abstract: breast, invasive micropapillary carcinoma, (invasive carcinoma, micropapillary), prognosis, outcome, survival. Only studies written in English were included.

2.2. Inclusion and exclusion criteria {#sec2.2}
-------------------------------------

The inclusion criteria for the present analysis are as follows: (1) studies should include comparison of prognosis between IMPC and IDC; (2) detailed survival data, such as rates of overall survival (OS), breast cancer specific survival (BCSS), relapse free survival (RFS), local-regional recurrence free survival (LRRFS) or distant metastasis-free survival (DMFS), should be provided in the study; (3) when the studied data are duplicated, only the publication with the largest sample size could be included; (4) the PSM method has been used in study for adjusting the baseline characteristics. Publications which meet all the criteria above are included; otherwise, studies are excluded to avoid significant heterogeneity and to reduce bias. Case reports, meeting abstracts, commentary letters, editorials, and reviews are also excluded.

2.3. Definitions of survival data {#sec2.3}
---------------------------------

Loco-regional recurrence (LRR) is defined as the appearance of tumors in these areas: ipsilateral chest wall or breast, ipsilateral axillary, infraclavicular or supraclavicular area, ipsilateral internal mammary area. Otherwise, recurrence was defined as distant metastasis. Overall survival (OS) was measured from the date of surgery or diagnosis to death, while breast cancer specific survival (BCSS) was measured to the death due to breast cancer progression. Relapse-free survival (RFS), LRR-free survival (LRRFS) and distant metastasis-free survival (DMFS) were measured from the date of surgery to LRR and/or distant metastasis, LRR and distant metastasis, respectively.

2.4. Data extraction {#sec2.4}
--------------------

The following information is extracted from each eligible publication: author names, publication year, original data source, investigation period, propensity-matching variables, sample size of IMPC and IDC, component of IMPC, TNM stage, median follow-up time and survival data. When the essential prognostic information is not provided in the publications, efforts are made to contact the authors. If the prognostic data are still inaccessible, we extract and transform them from the survival curve\[[@bib25]\].

2.5. Statistical analysis {#sec2.5}
-------------------------

The summarized odds ratios (ORs) and 95% confidence interval (95% CI) are calculated utilizing fixed-effect or random-effect models, depending on the heterogeneity of the eligible studies. Heterogeneity across studies is determined by the χ ^2^ and Ι^2^ test methods. Significant heterogeneity is indicated by p \< 0.05 and/or Ι^2^ \>50%. When heterogeneity is significant, a random-effect model is used; otherwise, a fixed-effect model is used. Forest plots are generated to show the respective and summarized OR and 95% CI of included studies, and the weights of each publication according to their sample sizes. Funnel plot and Egger's test method are used to evaluate the potential publication bias. Statistically significant publication bias is determined by Egger's test as p \< 0.05. All statistical analyses were performed with STATA 12.0 software (Stata Corporation, College Station, TX, USA).

3. Results {#sec3}
==========

3.1. Eligible studies {#sec3.1}
---------------------

The search of three databases (PubMed, EMBASE and the Cochrane library) yielded 864 publications in all. Four hundred and forty publications remained after removing the duplicates, of which three hundred and twenty one publications were excluded by evaluating the titles. The abstracts of one hundred and nineteen publications were screened, and seventy publications were excluded. Forty nine publications were potential eligible studies which provided prognostic estimate of IMPC and written in English. Forty one studies were excluded for not comparing with IDC or not using PSM method. Finally, eight publications were eligible for inclusion in this meta-analysis \[[@bib11],[@bib15],[@bib18],[@bib24],[@bib26], [@bib27], [@bib28], [@bib29]\]. The PRISMA flow diagram is shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1The PRISMA flow diagram.Fig. 1

3.2. Study characteristics {#sec3.2}
--------------------------

Ultimately, eight publications including a total of 2102 IMPC patients, which had compared survival data of IMPC with IDC using PSM method, were included in this meta-analysis. The characteristics and matching variables for PSM of these studies are demonstrated in [Table 1](#tbl1){ref-type="table"}. The survival data are shown in [Table 2](#tbl2){ref-type="table"}. All of the studies recruited patients with all subtype IDC patients as the control group. IMPC patients in most studies are mixed type. As listed in the table, all of the PSM studies employed node status and age as vital matching variables, and half of them (4 of 8) also employ HR status, HER-2 status as variables. Among the 8 studies, 6 studies used a ratio of 1:1 (IMPC: IDC) for PSM matching, and 2 studies used a ratio of 1:2 (IMPC: IDC).Table 1Characteristics and matching variables of eligible studies.Table 1StudyPublication yearOriginal data sourceInvestigation periodPropensity-matching variablesLiu2014Fudan University Shanghai Cancer Center (FUSCC)2005.8--2008.3**[nodal status]{.ul}**, **[age]{.ul}**Yu2015Korean Radiation Oncology Group (KROG)1999.1--2011.11year of surgery, **[age]{.ul}**, tumor size, **[node status]{.ul}**, surgery method, radiotherapyYu2010Samsung Medical Center1999.1--2007.12year of surgery, **[age]{.ul}**, tumor size, **[node status]{.ul}**, surgery method, radiotherapyVingiani2013European Institute of Oncology of Milan2000--2009year of surgery, **[age]{.ul}**, tumor size and grade, **[node status]{.ul}**, LVI, HR status, HER2 statusHao2018Fudan University Shanghai Cancer Center (FUSCC)2008.1--2012.10**[age]{.ul}**, tumor size, **[nodal status]{.ul}**, HR status, HER2 statusChen2017SEER databse of US National Cancer Institute2001.1--2013.12year of surgery, **[age]{.ul}**, tumor size and grade, **[node status]{.ul}**, HR status, HER2 status, surgery method, radiotherapy, chemotherapyHua2018Beijing Hospital2008--2016**[nodal status]{.ul}**, **[age]{.ul}**, tumor sizeYoon2019Asan Medical Center2007.1--2012.12**[age]{.ul}**, tumor size, **[node status]{.ul}**, LVI, HR status, HER2 status, surgery method, radiotherapy, chemotherapyTable 2Survival data of eligible studies.Table 2StudySample size after PSMIMPC componentTNM stageMedian follow-up time (months)Survival dataIMPCIDCOSBCSSRFSLRRFSDMFSLiu51102mixedI,II,III5184.3%vs78.4% (P = 0.606)Yu267267mixedI,II,III5997.7%vs95.7% (p = 0.67)85.5%vs91.5% (p = 0.007)92.3%vs95.4% (p = 0.03)Yu72144mixedI,II,III4586.0%vs87.7% (P = 0.18)68.2%vs81.4% (P = 0.046)84.7%vs94.4% (P = 0.0024)78.1%vs79.3% (P = 0.87)Vingiani4998pureI,II,III5193.5%vs94.3% (P = 0.80)75.5%vs81.6% (P = 0.48)Hao324324mixedI,II,III56.593.7%vs96.4% (p = 0.752)92.0%vs94.1% (p = 0.578)Chen984984mixedI,II,III6491.2%vs82.8% (p \< 0.0001)95.5%vs89.2% (p \< 0.0001)Hua4793mixedI,II,III4088.3%vs74%\
NS66.6%vs63.4% NSYoon308308mixedI,II,IIINS94.6%vs95.1% (P = 0.335)93.4%vs96.0% (P = 0.016)95.7%vs98.6% (P = 0.168)95.1%vs96.7% (P = 0.017)[^2]

3.3. Survival outcomes of IMPC and IDC {#sec3.3}
--------------------------------------

All the eight studies employed age and node status as matching variables. As shown in [Table 2](#tbl2){ref-type="table"}, seven of the eight studies provided OS data (n = 2051 IMPC patients). The ORs and 95% CIs for each study and the summarized OR are shown in [Fig. 2](#fig2){ref-type="fig"}. The individual OR of the 7 articles ranged from 0.54 to 1.30. The overall summarized estimate OR was 0.70 (95% CI: 0.58--0.85) using a fixed-effect method ([Fig. 2](#fig2){ref-type="fig"}A). There was marginal heterogeneity across the studies (Ι^2^ = 52.2%, χ^2^ = 12.56, p = 0.051). Using the random-effect method yielded a closer effect estimate (OR = 0.87, 95% CI: 0.61--1.25) between them ([Fig. 2](#fig2){ref-type="fig"}B). The summarized OR for OS shows that IMPC at least has a similar overall survival compared with IDC.Fig. 2Forrest plot for OS. (2A) summarized OR using a fixed-effect model, (2B) summarized OR using a random-effect model.Fig. 2

Seven of the eight studies provided RFS data (n = 1118 IMPC patients). The ORs and 95% CIs for each study and the summarized OR are shown in [Fig. 3](#fig3){ref-type="fig"}. The individual OR of the 7 articles ranged from 0.78 to 2.25. The overall summarized estimate OR was 1.31 (95% CI: 1.06--1.61) using a fixed-effect method ([Fig. 3](#fig3){ref-type="fig"}A), which mean IMPC had a higher recurrence rate than IDC. There was also marginal heterogeneity across the studies (Ι^2^ = 48.7%, χ^2^ = 11.70, p = 0.069). Using the random-effect method yielded a closer effect estimate (OR = 1.28, 95% CI: 0.94--1.73) between them ([Fig. 3](#fig3){ref-type="fig"}B). The summarized OR for RFS implies that IMPC has a shorter recurrence-free survival.Fig. 3Forrest plot for RFS. (3A) summarized RFS using a fixed-effect model, (3B) summarized RFS using a random-effect model.Fig. 3

Besides age and node status, four of the eight eligible studies (i.e. Study of Vingiani, Hao, Chen and Yoon) including 1665 IMPC patients also employed HR status and HER-2 status as matching variables. The ORs and 95% CIs for each study and the summarized OR for OS and RFS are shown in [Fig. 4](#fig4){ref-type="fig"}. The overall summarized estimate OR for RFS was 1.23 (95% CI: 0.82--1.86) using a random-effect method (Ι^2^ = 52.3%, χ^2^ = 4.19, p = 0.123) ([Fig. 4](#fig4){ref-type="fig"}A). The overall summarized estimate OR for OS was 0.87 (95% CI: 0.52--1.47) using a random-effect method (Ι^2^ = 72.1%, χ^2^ = 10.77, p = 0.013) ([Fig. 4](#fig4){ref-type="fig"}B).Fig. 4Forrest plot for RFS and OS in sub-analysis using age, node status, HR status and HER-2 status as matching variables. (4A) summarized RFS using a random -effect model, (4B) summarized OS using a random-effect model.Fig. 4

IMPC is characterized by high rates for lympho-vascular invasion (LVI), lymph node (LN) metastasis. In our analysis, two of the eight eligible studies (i.e. Study of Vingiani and Yoon) also employed LVI as matching variables in addition of age, node status, HR status and HER-2 status. For these two studies, the overall summarized estimate OR for OS and RFS are shown in [Fig. 5](#fig5){ref-type="fig"}. The overall summarized estimate OR for RFS was 1.55 (95% CI: 1.09--2.21) using a fix-effect method (Ι^2^ = 0.0%, χ^2^ = 0.24, p = 0.623) ([Fig. 5](#fig5){ref-type="fig"}A). While the summarized estimate OR for OS was 1.29 (95% CI: 0.79--2.10) using a fix-effect method (Ι^2^ = 0.0%, χ^2^ = 0.00, p = 0.961) ([Fig. 5](#fig5){ref-type="fig"}B).Fig. 5Forrest plot for RFS and OS in sub-analysis using age, node status, HR status, HER-2 status and LVI as matching variables. (5A) summarized RFS using a random -effect model, (5B) summarized OS using a random-effect model.Fig. 5

Three studies provided LRRFS data (n = 647 IMPC patients). The ORs and 95% CIs for each study and the summarized OR are shown in [Fig. 6](#fig6){ref-type="fig"}. The individual OR of the 3 articles ranged from 3.22 to 4.69. The overall summarized estimate OR was 3.60 (95% CI: 1.99--6.52) using a fixed-effect method ([Fig. 6](#fig6){ref-type="fig"}), which mean IMPC had a significantly higher loco-regional recurrence rate than IDC. There was no heterogeneity across the studies (Ι^2^ = 0.0%, χ^2^ = 0.17, p = 0.917).Fig. 6Forrest plot for LRRFS.Fig. 6

3.4. Publication bias {#sec3.4}
---------------------

Egger's test are used to detect the publication bias of OS and RFS. The p value for OS and RFS are 0.036 and 0.564 respectively (Supplementary 1&2). We did not do the test for LRRFS because only 3 studies reported the data.

4. Discussion {#sec4}
=============

Breast cancer has been proved to be with high heterogeneity. To date, breast cancers can be classified into 21 distinct histological types according to the WHO. Among them, invasive dutal carcinoma (IDC) is the major histological type, accounting for about 75% all breast cancers. IMPC is a special and rare subtype of invasive breast carcinoma.

IMPC has been presumed to show an unfavorable prognosis compared with IDC for a long time due to its highly invasive biological behavior. However, the early retrospective studies show inconsistency on this issue. The major reason may be that most of the early studies included small samples of IMPC patients, and therefore the results could not be appropriately investigated. On the other hand, in most studies the IMPC group had more advanced stage and smaller sample size than IDC group, and the extremely unbalanced data brought great bias in final analysis. A meta-analysis published in 2017 comparing the prognosis of IMPC with IDC, which included 14 studies and 1888 IMPC patients, tried to draw a conclusion. The result demonstrated that IMPC had a similar OS and DFS compared with IDC. However, due to some evident methodological weaknesses of the eligible studies, the controversies still stay.

In recent years, PSM method has been widely applied in retrospective analysis. PSM can filtrate experimental and control cases of similar characteristics from existing data, so as to reduce the effect of selection bias. As mentioned above, the major difficulty for investigating IMPC prognosis is the small sample of IMPC patients and extremely unbalanced original data between IMPC and IDC. Therefore, PSM studies may be especially proper for investigation of IMPC prognosis. There are some PSM studies in recent years concerning on this issue but the results are not consistent. So we conducted this meta-analysis of PSM studies.

For PSM studies, the first thing is to decide the matching variables. We listed the corresponding matching variables of the 8 eligible PSM studies in [Table 1](#tbl1){ref-type="table"}. All the studies employed age and node status as the vital matching variables. Age is a popularly used character in case-control studies for breast cancer prognosis. In the early studies of IMPC prognosis, the IMPC groups usually have more advanced initial stage than IDC groups, due to the high LN metastasis rate of IMPC. For IMPC patients, numerous studies have proved that node status is a significant prognostic factor\[[@bib30]\]. Therefore, it is reasonable that all the PSM studies employed node status as a matching variable to balance the two groups. Besides age and node status, half of eligible studies (4/8) including 79.2% IMPC patients (1665 of the total 2102) also employed HR status and HER-2 status as matching variables, since it has been reported that IMPC had a higher HR positive rate \[[@bib31]\]. Therefore, in the present meta-analysis, the two groups (IMPC and IDC) are well balanced and comparable in node status and molecular subtypes, thus decreasing the selection bias to a minimum.

For most eligible PSM studies (7 of 8), the component of IMPC is a mixed type. In clinical practice, pure IMPC is rather rare. Most IMPC patients belong to mixed types, majorly mixed with IDC. A recent study by Cemal Kaya et al. demonstrated that micropapillary component ratio did not affect the recurrence and survival rates of IMPC significantly\[[@bib32]\]. Therefore we did not distinguish IMPC according to the components.

The quantitive analysis of our study demonstrates an interesting outcome: compared with IDC, IMPC has a similar OS (estimated OR = 0.87, 95% CI: 0.61--1.25), but a shorter RFS (estimated OR = 1.31, 95% CI: 1.06--1.61); the shorter RFS might owe to the significantly higher loco-regional recurrence rate of IMPC (estimated OR = 3.60, 95% CI: 1.99--6.52).

Due to the high proclivities for LVI and LN metastasis, IMPC often exhibits a higher clinical stage than IDC in initial diagnosis. As listed in [Table 1](#tbl1){ref-type="table"}, IMPC group has a similar node status as IDC group through the PSM method, and moreover, half of eligible studies (4/8) including 79.2% IMPC patients (1665 of the total 2102) also employ HR status, HER-2 status as matching variables. Therefore, in our study, node status and molecular subtypes have been generally balanced in IMPC group and IDC group. Under the similar circumstances, the results show a similar, even favorite, OS for IMPC. The meta-analysis of the existing data brings two messeages: 1. An early detection and diagnosis is especially important for IMPC, which emphasizes the necessity of regular screening of breast; 2. the comprehensive treatments of IDC are also applicable for IMPC.

IMPC is characterized by high rates for LVI and LN metastasis. Since the presence of LVI has been demonstrated to be an independent predictor of DFS and OS, both in node-negative and node-positive breast cancer patients, we further conducted a quantitive analysis of the two studies employing LVI as a matching variable, besides age, node status, HR status and HER-2 status. The summarized OR implied that IMPC had a similar OS, but a shorter recurrence-free survival, compared with IDC. The results of this well-matched sub-analysis were similar to the gross analysis.

In our study, the results show a shorter RFS for IMPC, which might owe to the significantly higher loco-regional recurrence rate of IMPC (estimated OR = 3.60, 95% CI: 1.99--6.52). Numerous studies have proved that LVI is significantly correlated with loco-regional recurrence of breast cancer, so it is not hard to understand the outcomes, given the high LVI proclivities of IMPC. A previous study based on the SEER database demonstrated that the local-regional treatments (i.e. surgical methods, post-operative radiotherapy) did not influence the OS of IMPC\[[@bib33]\]. However, whether the local-regional treatments would influence the loco-regional recurrence of IMPC is still unknown. More prospective researches are needed for this issue to help the clinical decision making.

Among all of the studies included in our analysis, we detect significant statistical publication bias for OS, but not for RFS. The p value for OS and RFS are 0.036 and 0.564 respectively. The publication bias may influence the robustness of the result of OS to some extent. According to the funnel plot, some studies that yielded negative OS results for IMPC might not have been published, thus bringing publication bias. But the publication bias for RFS is not apparent.

Our meta-analysis has some more limitations requiring consideration. First, the number of existing PSM studies is relatively small (only 8 eligible publications) and may contribute to potential publication bias. The survival data of these publications are complete: only scattered studies provided LRRFS and DMFS information. Second, some important factors, such as race, have not been considered in the present meta-analysis. For example, the three eligible studies in our analysis providing the LRRFS data are all based on Asian IMPC patients (from the South Korean), and the circumstance may be not inconsistent in other population. Third, even we applied PSM methods to decrease the selection bias, the small sample size of the publications (4 of 8 studies have a IMPC sample less than 100) limits their power. Future prospective trials are needed to validate our results.

5. Conclusions {#sec5}
==============

The present study is the first meta-analysis of PSM studies to explore the prognosis of IMPC. Our results demonstrate that compared with IDC, IMPC exhibits a similar, even favorite OS, but a shorter RFS; and the shorter RFS might owe to the significantly higher loco-regional recurrence rate of IMPC. These results can contribute to the individualized and tailored therapy for IMPC. However, more prospective or large-scale retrospective studies are needed to further validate our results and figure out the influence of local-regional treatments (i.e. surgical methods, post-operative radiotherapy) on LRRFS of IMPC.
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